Isolation, identification and pathogenicity of fungal organisms responsible for the postharvest spoilage of sweet oranges, cucumber and lettuce at Sharada market in Kano metropolis, Nigeria was carried out in the present study. Samples showing symptoms of rot were collected from the retailers in the market and conveyed to the laboratory using polyethene bags. Small portion from rotten parts were cut and surface sterilized in 1% of Sodium hydrochloride and rinsed in several changes of sterile distilled water. They were plated on Potato Dextrose Agar (PDA) and observed for fungal growth. Identification was done macroscopically and microscopically. For pathogenicity test, healthy sweet oranges, cucumber and lettuce were plugged with pure cultures of the fungal isolates, thus, frequency of occurrence and disease severity of the pathogen were evaluated. Seven fungi namely Rhizopus spp., Aspergillus flavus, Mucor spp., Aspergillus fumigatus, Aspergillus niger, Fusarium oxysporum, Rhizoctonia spp. and Fusarium oxysporum were isolated. Severity of decay ranged from 6.39-46.15% for all fungal isolates, while the controls showed 0%. Pathogenic microorganisms on fruits and vegetables are a potential health hazard to man and animals following ingestion. Proper handling from the farm as well as during storage and the avoidance of mixing of diseased ones with the healthy ones were identified as important factors in preventing loss and health complication at the event of consumption. The use of suitable chemical treatment of the orange is also recommended as means of reducing economic loss due to fungal pathogens.
Introduction
Post-harvest diseases destroy almost about 10-30% of the total crops yield of crops especially the perishable ones. In developing countries, this diseases account for more than 30% lost in crop yields (Agrios, 2005; Kader, 2002) . Fruits and vegetables are highly perishable products and the quality is affected by post-harvest handling, transportation, storage and marketing. The improper handling, packaging, storage and transportation may result in decay and production of microorganism which become activated due to change in physiological state of the fruits and vegetables (Pusey and Wilson, 1984) . As a result of their low pH, higher moisture content and nutrient composition, fruits are very susceptible to attack by pathogenic microorganism, which in addition to also make them unfit for consumption thereby producing mycotoxin (Philips, 1998; Moss, 2002; Stinson et al., 1981) . International agencies that monitor world food resource have acknowledged that one of the most feasible options for meeting future food needs is reductions of post-harvest losses in our cultivated crops (Kelman, 1984) . Thus, careful post -harvest handling is the major but often neglected step towards offering a greater volume of nutritious food to plant and to prevent loss between harvesting and consumption. Fungi are the most important and prevalent pathogens infecting wide range of host plants thereby causing destructive and economically important losses of most fresh fruit including sweet oranges and vegetables like lettuce and cucumber during storage and transportation than bacteria (Sommer, 1985) . Losses caused by post-harvest diseases are generally greater than realized because the value of fresh fruits and vegetables increases several fold while passing from the field to the consumer (Eckert and Sommer, 1997) . Postharvest losses in orange alone are estimated between 10-30% annually despite the use of modern storage facilities and techniques (Harvey, 1978) . Sequel to that, since microorganism (pathogens) are mostly the casual agents of deterioration of this important fruit and vegetables i.e. sweet oranges, cucumber and lettuce, after harvest all over the nation, thus the need to identify the specific pathogens that causes this problem is highly imperative for proper selection of suitable protection and control strategy for sustainable production of fruit and vegetables in order to ensure food availability and its security globally.
Materials and Methods

Samples collection
Samples of sweet orange, cucumber and lettuce showing signs of deterioration and healthy ones were randomly obtained from Sharada market in Kano State Nigeria. The samples were later transported to the laboratory using polyethene bag and kept unwashed before the practical. The healthy ones were preserved for the purpose of pathogenicity test.
Sterilization
All apparatus involved in this experiment were decontaminated appropriately. Materials such as agar were aseptically sterilized in an autoclave at 121 0 C for 15 minutes, wire loop was also sterilized in flame until red hot and allow to cool before using and1% sodium hypochloride was used to wiped the top work place to prevent contamination (Uker and Chiejina, 2012).
Preparation of culture media
Potato Dextrose Agar (P.D.A) used for culturing fungi was prepared according to the manufacturers' instruction and autoclave at 121 0 C for 15 minute.
Isolation of fungi
The isolation techniques employed by Chiejina (2008) was adopted in the present study. Thin sections (2mm diameter) was cut from the periphery of the deteriorated samples and sterilized with 1% sodium hypochloride for two minute and rinsed in several changes of distilled water. The thin section was put into petri dish containing PDA medium amended with antibiotics (streptomycin), inverted and incubated at 37 0 C room temperature for 3 days. The pure/axenic culture were obtained by several transfer of colony growth from PDA plates aseptically i.e. (Sub-culturing until axenic culture was obtained).
Determination of percentage of fungal occurrence
This was done to determine the frequency of occurrence of the different fungal isolates. Isolations were made on different diseased oranges, lettuce and cucumber and cultured differently. The number of occurrence for each of the isolates were recorded, calculated and expressed as percentage. Percentage of occurrence = X Where; X = Total number of individual organism in all the fruits N = Total number of the entire organisms in all the fruits screened.
Determination of severity of rot
To assess the severity of rot cause by the pathogens, apparently healthy samples (sweet orange, cucumber and lettuce) were weighed and surface sterilized. A hole is created on each sample and mycelia mat was introduced, put back the cover and sealed with jelly. For each of these samples, a control was put in place i.e. the sample with no mycelia mat for the purpose of comparison. The resultants were incubated for 4 days after which each fruit or vegetable were collected and the extent of rot (Severity Infection) was determined according to the method described by Kassim (1986) , i.e. scooping of the rotted portion and taking the final weight of the individual samples (sweet orange, lettuce, and cucumber). Severity (%) =w X 100 Where; W = Initial weight of the healthy samples w = Weight of the rotted portion
Pathogenicity test
Pathogenicity test was carried out according to the procedures described by (Okibo et al., 2009) . Apparently healthy samples of fruits and vegetables were washed in sterile distilled water and surface sterilized with 1% sodium hypochloride solution. The fruit and vegetable were cut using sterile razor blade and then the mycelia mat of pure isolated culture were introduced into an open cut, replaced with the core, then sealed with jelly and incubated for 24-72 hours. For each of these samples, healthy ones that were not inoculated are kept as control. Pure cultures were identified according to the methods of Alexopoulos et al., (2002) and Barnett and Hunter, (1999) . The symptoms were identical to those of naturally infected samples. Morphological characteristics of conidia and mycelia of the fungi that were re-isolated from inoculated fruits confirmed Koch's postulates. On establishment of diseases symptoms of rot, inoculums from this sample were taken and cultured, pure cultures were identified according to (Bernett and Hunter, 1999; Alexopolous et al., 2002) .
Identification of fungi
Identification was done macroscopically and microscopically. For macroscopic identification, colony characteristics such as appearance, change in medium colour and growth rate were observed on the petri plates. For microscopic identification, a thin smear of fungi isolates from 5-7 day old cultures were inoculated aseptically on a clean glass slide using a sterile inoculating loop. A drop of lactophenol cotton blue was added and the mixture was covered with a cover slip and viewed under X40 objective lens of the light microscope. Shapes of the conidia and conidiophores were taken note of. These features were matched with standards described by Barnett and Hunter (1972) and Broth (1971) as reported by Liamngee et al. (2015) .
Results
The present investigation revealed that Rhizopus spp. (43.3%), Aspergillus flavus (25.0%) and Mucor spp. (31.7%) were responsible for the postharvest rot of sweet oranges at Sharada market in Kano metropolis (Table  1) . Likewise, Aspergillus fumigatus (46.15%), A. niger (15.38%), Fusarium oxysporum (38.46%) were also the fungal isolates responsible for the postharvest rot of cucumber at Sharada market in Kano metropolis. Similarly from Table 1 , Fusarium oxysporum (33.33%) and Rhizoctonia spp. (66.67%) were also responsible for the postharvest rot of lettuce in the study area respectively. Pathogenicity tests conducted on these particular healthy samples further confirmed that, these fungal isolates were the causal agents of the rot.
A. flavus appears as greenish surrounded by whitish hairy mass on PDA media. Microscopically, the conidia head is radiated and borne directly on the vesicle conidiophore that is hyaline. Aspergillus fumigatus appears dark-green in colour and whitish mass of growth at the margin, conidial head is uniseriate, and conidiophore is short, smooth-walled and conical terminal head. A. niger appeared as dark hairy on PDA media, the conidial head is globose, biseriate with philiades, conidiophore are smooth-walled and hyaline. Fusarium oxysporum changes colour from pink to cream on PDA media and microscopically produces macro-conidia. The macroconidia is hyaline (transparent), the spores ranging from two to several in length. Likewise, colonies of Mucor spp. grown on PDA were white at first turning brownish to gray with age and become heavily speckled with the appearance of sporangia. Rhizopus appearance on PDA is characterized by the presence of stolons and pigmented rhizoids, the fornation of sporangiophores, singly or in groups from nodes directly above the rhizoids, and columellate, multispored, generally globose sporangia. Microscopically, hyphae is broad, not or scarcely septate, rhizoids and stolon present, sporangiophores brown and ovoid, solitary or in tufts on the stolon, diverging from the point at which the rhizoids are formed. Rhizoctonia appears colorless when young but became brown colored as they grow and matured. The mycelium consists of hyphae partitioned into individual cells by a septum containing a doughnut shaped pore. 
Discussion
The present investigation was able to isolate and identified a total of seven fungal pathogens responsible for the postharvest rot of sweet oranges, cucumber and lettuce traded in Sharada market in Kano metropolis. This indicated that the pathogens isolated could grow and survive in this particular fruit and vegetables samples which is probably due to the fact that these perishable products contain some nutrients suitable for the growth of pathogens. The spoilage of the fruits and vegetables during post-harvest storage is due to infection by these microorganisms which might have gained entry through stomata openings, growth cracks or surface injuries (Wills et al., 1981) . These pathogens also gained entry through injuries caused by rough handling, poor road and storage facilities (Liu and Ma, 1983) . Fruits may be infected when green and small but do not show any marked lesion until they begin to ripen, so the disease mostly affects only ripen fruits. At first, infected fruits show small slightly sunken water soaked spots. These spot later enlarge, become darker and brown in colour. Sunken and have concentric rings until the entire fruit is consumed by the rot (Ukeh and Chiejina, 2012) . Losses caused by post-harvest diseases have increased recently than generally realized because the value of fruits and vegetables has increased (Eckert and Sommer, 1967) . Splittstoesser, (1987) reported that species of the genera Penicillium, Aspergillus and Mucor are common post-harvest fungi. Also Aspergillus niger, Mucor spp. and Penicillium digitatum were found to cause rot of cassava (Okigbo et al., 2009 ) and these were implicated as pathogen when tested on healthy products. The most serious postharvest diseases are those that cause rapid and extensive breakdown of crops that are high in moisture content and nutrients. It has been estimated by Liu and Ma (1983) that, 30% of all fruits rots are caused by a species of Penicillium. In this work, Rhizoctonia spp., Aspergillus fumigatus and Rhizopus spp. are the most virulent pathogens. The occurrence of these organisms may be attributed to their ability to produce resistant spores, as reported by Faweette and Lee, (1926) that spores of Aspergillus are more resistant to high temperature. And in conjunction to this, Aspergillus species have been implicated in the spoilage of fruits and vegetables in Nigeria (Uzuegbu and Emifoniye, 1984) . Fusarium is known to be moisture loving and tends to occur in fruits with relatively high moisture content, such as oranges. In consonance to this work, Bukar et al. (2008) . flavus overwinters in the soil and appears as propagules and decaying matter either as mycelia or sclerotia and later become pathogen to subsequent plant when planted in the field (Hedayati et al., 2007) .
The pathogenicity test result revealed that all the fungal isolates identified had the ability to cause infection in healthy fruit and vegetables samples, though at various percentages of severity. The healthy samples showed symptoms of rot after three (3) days of inoculation with fungal mycelia. Morphological and microscopic characteristics were compared with initial cultures after re-isolation and were found to be similar. The controls (healthy sweet oranges, cucumber and lettuce inoculated with sterile PDA only) showed no symptom of rot. The ability of the fungal isolates to cause infection in healthy samples was due to the fact that the pathogens are able to utilize the nutrients of the fruits as a substrate for growth and development (Liamngee et al. 2015) . The presence of the fungi or their resistant spores is most likely to have originated from the farms where the fruits were harvested and some from the stores due to horizontal contamination by the already spoilt fruits Bukar et al. (2009 ). Jay (2003 observed that most spoilage organisms may be present on fruits and vegetables from the farm, during harvest operations, and this may result in postharvest contamination and spoilage of these fruits and vegetables. More so, Kator et al. (2018) opined that, fruits due to their low pH, high moisture content and nutrients composition are very susceptible to attack by pathogenic fungi which in addition to causing rots, also make them unfit for consumption by producing mycotoxins. The contamination of the orange fruits, cucumber and lettuce vegetables by these fungal pathogens could be as a result of poor handling practices in their production chain, storage conditions, distribution and changing physiological state of the fruits (Beuchat, 2006) . Precautionary measures should be put in place to ensure that this problem is tackled right from the farm, because reducing post-harvest loss of fruits that have already been produced is more sustainable and environmentally sound than increasing production areas to compensate for these losses (Kader, 2002) .
Conclusions and Recommendations
The findings of the present study was able to unveiled the spoiled sweet oranges were mainly attacked by Rhizopus spp., Aspergillus flavus, and Mucor spp. However, cucumber rot was as a result of attack by Aspergillus fumigatus, Aspergillus niger and Fusarium oxysporum while lettuce was contaminated by Rhizoctonia spp. and Fusarium oxysporum respectively. Presence of these fungi in these samples, most especially Aspergillus spp. (as it records highest incidence of encounter among the samples) poses a serious threat to health of consumers as the organism could produce mycotoxins, which are lethal when consumed. Most of the fungi isolated were observed to be able to re-infect healthy oranges within short time and this poses a serious economic threat to sellers of oranges in Sharada market. No doubt, this subsequent spoilage caused by these fungi should be checked in order to avert serious economic loss and possible health hazards as well.
Lastly, extracts from herbal species should be employed as antifungal agents against these identified fungal pathogens and this can serve as a bed rock for pharmacological researches towards development of antifungal drugs from plants origin.
